The concentration of Mg ion contained in artificial saline media varies between 0mM in Locke-Ringer solution and 1.2mM in Krebs solution, and the physiological action of Mg ion on the electrical and mechanical activity of smooth muscle cells has been assumed chiefly to take the place of Ca ion in stabilizing the membrane (TAstimo and TOMITA, 1970) . On the other hand, it has been well recognized that the ATP-dependent process in the enzymatic action depends on the concentration of Mg ion in the incubating media (for review; see EBASHI and ENDO, 1968) . Therefore, some discrepancy seems to exist in the evaluation of the role of Mg ion on the contractile response of muscles in physiological and biochemical investigations.
In the present experiments, effects of Mg ion were investigated on the potassium contracture in the isolated longitudinal strip of the pregnant rat uterus. It was suggested from the results that external Mg ions exert their action by competing with the Ca site at the outer surface of the membrane on the one hand, and by regulating the amount of bound Ca within or at the inner surface of the membrane possibly through metabolic activation on the other hand.
METHODS
Pregnant rats weighing 200-250g were stunned and bled, and the uterus was quickly taken out. To know the approximate date of pregnancy, fetuses were weighed. Unless otherwise described, experiments were carried out on the uteri obtained from the animal during the late stage of pregnancy, a fetus weighing between 4 and 6g. Occasionally myometrial strips were taken from an animal during early pregnancy, with the fetus weighing about 0.6g. The endometrial membrane was carefully removed with fine forceps with the aid of a binocular microscope, and longitudinal strips of uterus (5-6mm long, 0.5-1mm wide) were dissected. A strip was suspended in an organ bath of 0.2ml capacity. One end of the strip was connected to a strain gauge transducer, and the other end was fixed so that the resting load was less than 0.05g. The mechanical activity and its logarithmic value derived by an electronic circuit (Nihon Kohden, S-3058) were simultaneously displayed on a two-channel potentiometric pen recorder (National, VP652B). Electrical activity was recorded by conventional glass microelectrodes filled with 3M KCl.
The control Locke-Ringer solution contained (mM); NaCl 154, NaHCO3 8, KCl 5.6, CaCl2 2.2 and glucose 5.5. The stimulating medium was isotonic K solution where NaCl and NaHCO3 were replaced with equimolar concentrations of KCl and KHCO3 respectively. Normally, 2.2mM Ca was present, and this solution was called the control K medium in the following description. MgCl2 (2-20mM) was added as a solid salt to either the Locke-Ringer solution or K medium when necessary. The drug used was 2,4-dinitrophenol (DNP). A gas mixture composed of 3% CO2 and 97% O2 was bubbled through the solution in the reservoir. The solution was circulated at a constant rate of 5ml/sec, and it took about 10sec for a complete exchange of the solutions in the organ bath. Mg to the control K medium during the tonic contraction caused an increase in the amplitude of the contraction (a). The increase of contraction was smaller when the concentration of Ca was low (0.7mM Ca, b), and the effect of Mg application was reversed in the medium containing 0.22mM Ca (c). Thus, a dual effect of Mg ions on the tonic component of the K contracture, potentiation and inhibition, is indicated. The extent of both effects depended on the Mg concentration at either Ca concentration. Normally, two exponential time courses, initially with faster then with slower rates, were distinguishable during the relaxation of the phasic contraction (Fig. 2a) . When 10mM Mg was added to the control K medium, the phasic contraction relaxed with a slower time course especially during the later relaxation (b). When the muscle strip was previously exposed to Locke-Ringer solution containing 2mM Mg for one hour and then the control K medium was applied, the response differed markedly from the control in having a slower relaxation (c). Furthermore, the relaxation of the K contracture developed by a K medium containing 10mM Mg after the muscle strip was previously incubated with 2mM Mg became much slower (d). Therefore, it seems probable that an increase in the intracellular Mg concentration during the incubation, but not the residual amount of Mg in the extracellular space, caused the different behavior of K contracture. The K contracture produced in muscle strips obtained from animals during early pregnancy was characterized not only by a large ratio of the amplitude of tonic contraction to that of phasic contraction (the ratio ranging between 1.2 and (Fig. 6, d vs. c). Similar experiments were carried out with a K medium containing a lower concentration of Ca (0.22mM, Fig. 7 ). Since the tonic contraction of the uterine strip from an early pregnant stage in response to the K media containing low Ca was usually fairly large, the inhibitory effect of Mg was more clearly demonstrated (a). In Mg-free media the effects of lowering temperature was to accelerate the relaxation (curves marked by 0). When 10mM Mg ions were present in the K medium, the rate of relaxation became much faster and the tonic contraction became smaller (curves marked by 10). The level of relaxation reached in about 10min in the Mg containing K media was nearly the same at every temperature. Together with the previous results, it can be concluded that a uniform effect of the external application of Mg ion is the inhibition of the tonic contraction, irrespective of the difference in temperature.
Effects of DNP and temperature in relation to the effect of Mg ion. The effects of DNP on the electrical and mechanical activity were investigated in the following experiments. In a stretched muscle strip, on which the electrical recording of the membrane potential was also carried out, treatment with 0.5mM DNP caused, in general, an increase in frequency and a decrease in amplitude of the spontaneous contractions (Fig. 8, top) . During the early period, the muscle strip underwent tetanic contraction (c). This gave way to periodic activity (d). The effects of DNP were reversibly abolished when the agent was washed out (e to g). Electrical activity recorded with intracellular electrodes is shown in the lower columns (a to g). Before application of DNP, electrical activity consisted a of burst discharges interrupted by silent periods when the membrane potential was -55mV. Longer bursts were associated with the mechanical activity (a). When 0.5mM DNP was applied, the membrane started to be depolarized, and the spike activity became more frequent, interrupting quiescent periods (b and c). The membrane potential was -45mV after 10min exposure. The membrane potential did not exhibit further change, but the spike activity tended to resume the periodic discharge in accordance with the change in the mechanical activity (d). When treatment with DNP was terminated, the membrane was repolarized to the previous potential level in 5min, and the electrical activity became the control discharge type again. It is seen that the recovery of the contractile response was slower than that of the electrical one (e to g).
In slack muscle strips on which most of mechanical investigations were carried out, treatment with 0.5mM DNP caused a temporary acceleration of the spontaneous contraction, then these disappeared in about 1 to 2hr. The maximal relaxation level was little affected. Figure 9 shows the K contractures in the DNPtreated muscle strip. The muscle strip was treated beforehand with 0.5mM DNP ( Fig. 10, b vs. a). An unusual feature of the K contracture in the DNP-treated muscle strip was a gradual increase in amplitude of the tonic contraction (a). The nature of this component remains unknown at present. It is, however, probable that the component is due to Ca-influx, and not due to the suppression of the relaxing system, because the contraction was abolished when the external Ca was absent (c), or when the temperature of the bathing medium was low (b). It was shown that the rate of relaxation of the phasic contraction was much faster in the DNP-treated muscle strip. In the experiment shown in Fig. 11 , the temperature dependency of the relaxation was investigated. As shown in the 
DISCUSSION
Metabolism and the cycle of contraction-relaxation in the K contracture. Depolarization has a dual effect on the sarcoplasmic reticulum in vertebrate skeletal and heart muscles. The initial effect is to release Ca from the reticulum. The late effect is to cause a reuptake of Ca. For this reason, the K contracture of those muscles is phasic and the spontaneous relaxation becomes slower at low temperature or when treated with DNP (CAPUTO, 1972; CHAPMAN, 1973) . If the same concept and terminology were applicable to smooth muscle in a straightforward manner, the tonic contraction could be looked upon as an indication of an incomplete relaxation due to incomplete uptake of Ca. This view is, however, unlikely because opposite events were observed in the pregnant rat myometrium, i.e. the major effect of cooling was a depression of the tonic contraction (Figs. 4, 5, and 10) .
Because the tonic contraction of pregnant rat myometrium during the late stage of gestation was highly dependent on the external concentration of Ca ion (Fig. 1) , it can be presumed that Ca influx occurred in some way according to the electrochemical potential gradient for Ca during the tonic contraction. When the amount of Ca influx is balanced by the Ca uptake to the binding site, or with extrusion by Ca pumping a steady level of contractile response can be maintained. The above statement implies that unless myoplasmic Ca is replenished continuously by Ca influx from outside the muscle relaxes. It would, then, follow that the Ca influx during the tonic contraction was decreased at low temperature (Fig.  4) . If the above speculation is true, the difference in nature of K contracture between skeletal and uterine muscles might be due to the Ca release from the sarcoplasmic reticulum alone in the former muscle (FRANK, 1962) .
DNP, a potent uncoupler of the oxidative phosphorylation, is known to depress the mechanical activity in rat myometrium (EDMAN and SCHILD, 1962; MARSHALL and MILLER, 1964) . DNP may abolish the normal relation between the event taking place at the membrane and contractile systems (Fig. 8) as first proposed by BULBRING and LULLMANN (1957) concerning the guinea pig taenia coli. When metabolism is impaired, cellular ATP is markedly decreased (BREE-MEN et al., 1973) , and hence it is tempting to speculate that this may lead to a decrease in the amount of bound Ca utilized in turn for the tension development. This supposition is in agreement with the postulation by PFAFFMAN et al.(1965) that the transmembrane transport of Ca involved in the tonic contraction of guinea pig taenia coli is linked to metabolism. In connexion with the above assumption that the tonic contraction was due to Ca influx by way of an intermediary process, it may be noted that the relaxation during the late period of the phasic contraction behaved in low temperature and DNP treatment in a similar manner to the tonic contraction (Figs. 4, 5) . In other words, it seems more likely that the late component of relaxation in the present tissue is the initial fraction of the tonic contraction, and the phasic contraction in itself seems short-lasting, being quickly inactivated (cf. SUNANO and MIYAZAKI, 1975) .
Role of Mg ion on the K contracture. It was reported in a previous paper that Mg ion accelerated the relaxation of the K contracture of the pregnant rat myometrium in the Ca-free media containing low K ion (OsA, 1975) , possibly by the metabolic activation of relaxing factor which seems to occur in smooth muscle cells (CARSTEN, 1969; BATRA and DANIEL, 1971; DEVINE et al., 1972) . It was found in the present experiments that the external application of Mg caused dual effects on the tonic contraction of K contracture, i.e. potentiation and inhibition (Figs. 1, 3, 6 ). The potentiation was most probably due to an increase in the myoplasmic Mg, because the tonic contraction became larger when the muscle strip was exposed previously to Mg ions contained in the bathing Locke-Ringer solution (Figs. 2, 3 ; however cf. CLEGG et al., 1963) , and the potentiating effect by short-term application of Mg ion was nearly abolished (Fig. 3) . Therefore, as far as the present results indicate, prerequisites for the potentiation by the external application of Mg ion are the presence of external Ca ion kept above a certain level (about 0.7mM), and the intracellular Mg content kept at a low level. A crucial assumption of the previous discussion is that Mg ions are permeable across the cell membrane of rat myometrium. BAKER and CRAWFORD (1972) assume in squid giant axon that Mg entering makes use of the Ca channel which is insensitive to tetrodotoxin. Flux studies have shown that a quarter to a half of the cellular Mg is in ionized form and is exchangeable, and the rest is nonexchangeable presumably forming complexes with large molecules such as ATP (Somuvo et al., 1966; MOAWAD and DANIEL, 1971; PALATY, 1971 PALATY, , 1974 .
In contrast to the findings with myosin B and skinned fibers that the increase in free Mg ion concentration decreases Ca sensitivity of the contractile system (EBASHI and ENDO, 1968) , it has been reported in the glycerinated uterine and vascular smooth muscles that the Mg requirement for contraction of smooth muscle was much greater than that for the contraction of skeletal muscle (BRIGGS and HANNAH, 1964; FILO et al., 1965) . Furthermore, myosin Si ATPase of smooth muscle requires a higher Mg concentration (YAMAGUCHI et al., 1970) . Therefore, an increase in the intracellular Mg being utilized for the energizing action of ATP on the contractile element is an important factor. Along the line of the previous argument that the Ca influx during the tonic contraction is supported by cellular metabolism, it seems also relevant to suppose that an increase in cellular Mg leads to enzymatic activation, probably resulting in the formation of MgATP, hence to an increase in the amount of bound Ca utilized for the development of tonic contraction. The concept described above is presented in a hypothetical scheme, where the Ca influx is chiefly taken into consideration (Fig. 12) . Although the Ca influx may well be assumed to occur according to the electrochemical potential gradient, an important consideration of the pathway I is that it requires a preparatory process for its utilization as given by the CaR1 complex, the formation of which leads to an increase in the Ca influx. On the other hand, pathway II is concerned with the inhibitory effect by Mg, where the external Mg ion is assumed to compete with the Ca site (R2) supposedly situated at the outer surface of the membrane. Such -a competitive interaction between divalent cations is in fact known to occur in smooth muscle membranes (SPARROW, 1969; GOODFORD and WOLOWYK, 1972) . The latter process (II) is unlikely to be metabolism-linked because the inhibition was scarcely affected by lowering the temperature (Fig. 7) . Hence the inhibitory effect became unmasked even in the control K media provided the temperature was low (Fig. 6) . Fig. 12 . A hypothetical scheme of the pathways of Ca influx responsible for the K contracture of pregnant rat myometrium. R1 represents a Ca binding site, which is related to the pathway (I). Bound Ca in the form of CaR1 complex is assumed to be stored and utilized for the tension development.
R2 represents a Ca binding site which is competed for by Mg ion, and Ca influx through this pathway (II) is assumed to be limited by the surface density of Ca.
A question left in the above discussion is why the relaxation was more dependent on temperature in the DNP-treated muscle strip than in the control (Fig.  11 vs. Fig. 5 ). It may be tentatively argued that the degree of relaxation of the phasic contraction at a given low temperature was determined by counteracting factors; one being the reduction of the CaR1 complex, the other a decrease in Cauptake to a certain binding site. Assuming that the former factor was more profoundly impaired in the DNP-treated muscle strip, the latter factor would become more dominant, hence yielding a strong dependency of the rate of relaxation on temperature change as seen in Fig. 11 .
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